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The Gram-negative pathogen Coxiella burnetii is
an obligate intracellular bacterium which grows
only within the phagolysosomes of eukaryotic
host cells. The microbe is usually transmitted by
aerosol and causes acute or chronic Q fever in
humans. It is well known that the outer mem-
brane proteins (OMPs) play several important
roles in the host–parasite interactions of Gram-
negative bacteria related to both pathogenesis and
protective immunity. In the present study, vari-
ous bioinformatic tools and databases, together
with the mass spectrometry (MS) analyses, were
used to predict and to identify OMPs of C. burnetti,
including the integral membrane proteins and
lipoproteins (LPs) anchored to the outer
membrane (OM) with an N-terminal lipid tail.
The dataset of ORFs derived from the fully
sequenced genome of C. burnetii strain Nine Mile I
(RSA 493) [1] was processed for a subcellular
localisation employing PSORTb (http://www.
psort.org/psortb/index.html) with the Gram-neg-
ative option. The results were compared with data
obtained from the Proteome Analyst PENCE data-
base (http://www.cs.ualberta.ca/~bioinfo/PA/
GOSUB) containing OMPs. The BOMP tool
(http://www.bioinfo.no/tools/bomp) was used
to predict the presence of beta-barrels structures,
and the TMBETA-SVM (tmbeta-svm.cbrc.jp) to
discriminate the OMPs from other folding types
of globular and membrane proteins. To predict
LPs, the Lipo (http://services.cbu.uib.no/tools/
lipo) tool, which detects LP sequences based on the
lipobox region that is recognised by signal pepti-
dase II, and the LipoP (http://www.cbs.dtu.dk/
services/LipoP), which predicts LP signals pep-
tides I and II in Gram-negative bacteria, have been
used. The results were further compared with the
data obtained from DOLOP database (http://
www.mrc-lmb.cam.ac.uk/genomes/dolop) that
contains LPs based on the lipobox present at the
C-terminal end of the signal peptide. ORF
predicted as both OMP and LP was annotated as
LP. In addition, the presence of any OMPs and LPs
in the whole cell lysates of C. burnetii RSA 493were
conﬁrmed by MS techniques as described
previously [2].
From the 2026 ORFs submitted to the bioinfor-
matic tools, 160 ORFs including both low (one
tool) and high conﬁdence (at least two tools) were
predicted to be localised on the OM. Psortb,
together with the PENCE database, has predicted
34 OMPs, and BOMP, together with TMBETA-
SVM, predicted 80 proteins with beta-barrel
structure related to OMP. Moreover, in total 46
proteins were predicted as LPs, from which 33
(71.73%) were predicted with a high conﬁdence.
It is noteworthy that 92% of all of them are basic
proteins (pI higher than 8).
Homology searches of predicted proteins sub-
mitted to the Swiss-Prot database using the NCBI
BLASTp tool (http://www.ncbi.nlm.nih.gov/
blast/Blast.cgi) and Pfam (http://www.pfam.
sanger.ac.uk/) databases showed that the high
conﬁdence predictions are homologous to the
well-characterised OMPs. Homologs of OM efﬂux
proteins, components of bacterial type II, III
and IV secretion systems, membrane proteins
involved in drug resistance, organic solvent
tolerance proteins, ATPases coupled to the
membrane components, peptidoglycan associated
proteins, polysaccharide biosynthesis ⁄ export
proteins, endoglucanases, components of synthe-
sis of lipid A, surface antigens and proteins
involved in sporulation have been predicted.
Our analyses by various MS techniques re-
vealed 21 predicted OMPs (Table 1) and 9 LPs
anchored to the OM till now. Among them, the
hypothetical components of the LolCDE trans-
portation system, LolA, a carrier protein
(CBU_1190) and LolB (CBU_1829), a lipoprotein-
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speciﬁc receptor, have been identiﬁed. This ﬁnd-
ing may indicate that C. burnetti uses a similar
system as Escherichia coli to transport LPs to the
OM [3]. In addition, the major structural proteins,
OMPs with transmembrane domains, the integral
membrane proteins related to phase-variable
opacity, porins, histone-like proteins, transport-
ers, surface antigens, sporulation proteins, pro-
teins involved in bacterial virulence, as well as
receptors for immunosuppressants, have been
identiﬁed. Among them, Porin P1 [4] and Com 1
[5] were already described and well characterised
in C. burnetii.
Because OMPs and LPs are localised on OM,
they should be involved in pathogenesis of
C. burnetti. Thus, the prediction of proteins might
become a platform for the identiﬁcation of speciﬁc
proteins, which will make it possible to propose
candidate antigens for vaccine development.
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Table 1. Outer membrane proteins and lipoproteins of C. burnetii RSA 493 identiﬁed by the MS techniques
Name CBU MS technique MW pI Prediction Pfam homologues domains description
Outer membrane proteins
OMP, Tol C CBU_0056 PM, MQ, MT 68670 9.6 E OMP efﬂux
Peptidoglycan-associated LP CBU_0091 PM, MT 19850 9.1 P, E, T, D, LP OMP porin-like protein, interacts with host receptor
ss DNA-binding protein CBU_0271 PM, MT, MQ 17430 5.6 B, T Involved in replication of the chromosome
OmpA-like transmembrane CBU_0307 MT, MQ 24900 10.0 P, B, E, T OMP porin, opacity type
OMP, P1 CBU_0311 MT,MQ 23980 9.0 B Porin
Amino acid ABC transporter CBU_0482 PM 29650 9.4 T SBP bac 3, transport of solutes
SMC protein CBU_0540 MQ 13360 5.3 T -
Surface antigen, putative CBU_0611 MQ 90750 9.5 P, E, T Surf-ag-VNR, surface antigens
OmpH, putative CBU_0612 PM, MT 18820 9.7 P, E Omp-H, major structural protein of OM
Mip CBU_0630 MT 23280 9.7 P, E FKBP type, receptor for immunosupressants
Transporter, AcrB ⁄AcrD ⁄AcrF CBU_0804 MQ 10010 8.3 T ACRtrn, multidrug efﬂux
UPF0422 protein CBU_0937 PM 51380 8.9 P, B, E, T -
Hypothetical protein CBU_1095 MQ, MT 17940 6.9 T -
Lipoprotein carrier lol A CBU_1190 MT, MQ 21080 10.0 T -
OmpA CBU_1260 PM 26250 9.6 P, B, T OMP with transmembrane domain with
multifunctional role
Hypothetical protein CBU_1414 PM 29040 9.4 E, T -
Peptidyl-prolyl cis-trans
isomerase D-related protein
CBU_1451 MT 58750 9.3 T -
DNA-binding protein. hupB CBU_1464 PM, MT 10000 9.5 T Histone-like protein family
Carboxyl-end protease CBU_1538 MT 49660 8.8 T Peptidase 41, proteolytic enzyme
Uncharacterised protein CBU_1600 PM 19450 6.7 P, B Integral membrane protein related to phase-variable
opacity
Com-1 CBU_1910 PM, MT, MQ 25510 8.7 P DSBA, thioredoxin family
Lipoproteins
Lipoprotein, putative CBU_0045 MT 21110 10.9 E, L, LP OmpA-MotB, interacts with host receptors
ABC transporter CBU_0109 PM, MT 28890 9.3 D, L, LP Lipoprotein-9, involved in bacterial virulence
Lipoprotein, putative CBU_0395 PM, MT 24490 8.9 D, L, LP -
Lipoprotein, putative CBU_0535 PM 36010 9.9 L, LP SPOR, sporulation binding to peptidoglycan
ComL CBU_0758 MT 28990 9.7 D, L, LP -
Lipoprotein, putative CBU_1221 MT 21820 10.2 D, L, LP -
Surface antigen CBU_1425 MT 15940 9.8 E, D, L, LP Antigen
Putative protein CBU_1744 MT 20690 10.2 L Phospolipid binding domain
Lipoprotein, lolB CBU_1829 MQ 24140 9.6 P, T, L, LP lolB, sorting
PM, peptide mass ﬁngerprinting; MT, tandem mass spectrometry (MS ⁄MS) by MALDI TOF ⁄TOF; MQ, MS ⁄MS by Q-TOF; P, PSORTb tool; B, BOMP tool; T, Tmbeta-svm tool;
E, PENCE database; D, DOLOP database; L, lipo tool; LP, lipoP1.0 tool.
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